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Figure 3: Role of miR-200b subfamily and miR-205 on prostate cancer proliferation and invasion. (A) Expression levels 
of miR-200a, miR-200b, miR-429, miR-205, and ERG in commonly used prostate cancer cell lines, including LNCaP, VCaP, 22RV1, PC3, 
DU145. Mature miRNAs expression levels were measured by qRT-PCR, normalized against RNU48 internal control. (B) Expression of 
miRNAs in PC3 stable cell lines, including PC3-vec, PC3-miR-200b/a/429, PC3-miR-205, and PC3-miR-200b/a/429/205. (C) The effect of 
miRNAs on PC3 cell growth as determined by MTT assay. (D) PC3 stable cell Matrigel invasion assay using BD Biocoat Matrigel Invasion 
Chambers. Representative pictures of invaded cells stained with crystal violet. Four stable cell lines, PC3-vec, PC3-miR-200b/a/429, PC3-
miR-205, and PC3-miR-200b/a/429/205. (E) Quantification of invasion. Invaded cells were stained with crystal violet, which was then 
solubilized in 1% SDS. The absorbance was measured at 595 nm. Error bars, mean ± SEM. *P < 0.05.

Figure 4: miR-200b/200a/429 subfamily and miR-205 are not induced by ERG in the prostate of Pbsn-ERG transgenic 
mice. Anterior (AP), dorsal-lateral (DLP), and ventral (VP) prostate lobes were harvested from wild type litter mates (n = 3) and Pb-ERG 
transgenic mice (n = 2). Real-time qPCR was used to determine expression levels of human ERG, and mouse miR-200b, miR-200a, miR-429  
and miR-205. Error bars, mean ± SEM.
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predict favorable survival in many cancers [27–29].  
This observation immediately raises an interesting 
question: Is ERG a predictive biomarker for favorable 
clinical outcome? In support of this speculation, previous 
studies report that TMPRSS2/ERG fusion is indeed 
a predictor of favorable outcome for prostate cancer 
patients [47, 48]. On the contrary, many studies suggest 
that TMPRSS2/ERG is a predictor for poor clinical 
outcome [49–51]. There are also reports indicating that 
ERG status is not predictive for prostate cancer recurrence 
or progression after radical prostatectomy [52, 53]. 

Such controversy on the prognostic value of ERG 
in prostate cancer might be due to the following reasons. 
First, it is possible that the miR-200b subfamily has tumor 
stage-dependent activity (53). Previous reports show 
that miR-200 could promote breast cancer metastatic 
colonization by targeting Sec23a [54]. As a result, the 
activity of enhancing metastatic colonization by miR-
200b at late stage may offset its anti-invasion activity 
at early stage. The second possibility is that ERG might 
also regulate the expression of protein-coding genes in 
prostate cancer, in addition to miR-200b subfamily. These 
protein-coding target genes might increase the risk of 
cancer recurrence and progression and therefore offset 
the beneficial effect of the miR-200b subfamily. Thirdly, 
the TMPRSS2/ERG fusion prevalence is significantly 
different in prostate cancers from different ethnic 
groups [53]. In comparison to Caucasian patients, ERG 
expression is much less common in prostate cancers in 
African American [55, 56] and Asian populations [57]. 
It is possible that in different ethnic groups, ERG may 
have different prognostic value. For example, in African 
American patients, ERG-negative status is found to be 
associated with high-grade cancers [58]. More studies 
are required to determine the prognostic value of ERG in 
different ethnic groups, particularly in African American 
and Asian patients with prostate tumors harboring less 
TMPRSS2/ERG fusion. 

Finally, miR-200b subfamily members and miR-205  
are not induced by ERG in murine prostate derived from 
the pbsn-ERG transgenic mice, suggesting that ERG 
transgenic mice do not fully mimic the TMRPSS2/ERG-
dependent prostate cancer development in human. It will 
be important to generate transgenic mice that overexpress 
these miRNAs in murine prostate luminal cells, and 
evaluate their physiological role in prostate tumorigenesis 
and progression. 

In summary, our results indicate that miRNAs are 
important components of the ERG transcriptional network 
in human prostate cancer. Although induction of the tumor 
suppressive miR-200b subfamily of miRNA by oncogenic 
ERG appears to be counterintuitive, it is consistent with 
the slow-growing nature of the vast majority of primary 
prostate tumors.

MATERIALS AND METHODS

Cell culture and transient transfection

Human prostate cancer cell lines were obtained 
from the ATCC via the Tissue Culture Core at the Baylor 
College of Medicine, and cultured in appropriate media 
in a 5% CO2 incubator at 37ºC. Specifically VCaP cells 
were cultured in DMEM high glucose (Life Technologies) 
supplemented with 10% FBS and 1 nM R1881. LAPC4 
cells were cultured in IMDM (Life Technologies) with 
10% FBS, 1 nM R1881, and 1× Glutamax (Thermo 
Fisher Scientific). LNCaP and 22RV1 cells cultured in 
RPMI1640 (Life Technologies) with 10% FBS. PC3 
cells were cultured in DMEM/F12 (Life Technologies) 
with 10% FBS. DU145 cells were cultured in DMEM 
high glucose (Life Technologies) with 10% FBS. Cell 
cultures are discarded after 3 months or 15 passages and 
replenished from frozen stocks. Cells were regularly 
tested for mycoplasma contamination. Individual Silencer 
siRNAs against ERG were purchased from Thermo 
Fisher Scientific. 50 nM of siRNA in Opti-MEM were 
transiently transfected into cells using Lipofectamine 
RNAiMAX (Thermo Fisher Scientific), following the 
reverse transfection protocol. Cells were harvested four 
days after transfection for real time qPCR analyses. To 
measure the expression level of miR-200b/a/429 primary 
transcript after ERG knockdown, VCaP cells were 
transiently transfected with 50 nM of ERG siRNAs. Cells 
were harvested three days later for RNA purification. Total 
RNA was reverse transcribed using high capacity RNA-to-
cDNA kit (ThermoFisher, cat. No. 4387406) and primary 
transcript of miR-200b/a/429 was determined by real-time 
qPCR using TaqMan Pri-miRNA assay and normalized 
against total RNA (ThermoFisher, cat. No. Hs03303027_
pri).

Plasmid

To construct a lentiviral vector for the simultaneous 
expression of miR-200b, miR-200a and miR-429 in 
mammalian cells, 2310 bp of human miR-200b/a/429 
genomic DNA was amplified by PCR and cloned into 
EcoRI/BamHI site of the pCDH-CMV-MCS-Puro vector 
(System Biosciences, Mountain View, CA, USA), resulting 
in pCD-HmiR-200b/a/429. The sequences of two PCR 
primers are: 5′-CCA GGT GAA TTC CAG GAC CCA 
AAG CTG GTG-3′, and 5′-ACT GGC GGA TCC GAG 
GGT GGG GCA CAA GAG-3′. To construct a lentiviral 
vector for the expression of miR-205 in mammalian cells, 
410 bp of human miR-205 genomic DNA was amplified 
by PCR and cloned into EcoRI/BamHI site of the pCDH-
CMV-MCS-Puro, resulting in pCDH-miR-205. The 
sequences of two PCR primers are: 5′-CCA GGT GAA 
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TTC TCT CCC AAA TGT GTG ATT CC-3′; and 5′-CCA 
TCT GGA TCC CTT TTT CCA ATG TGC CCA TC-3′. 
To express all four miRNAs, 410 bp of human miR-205 
genomic DNA was amplified by PCR and cloned into 
BamHI/NotI site of the pCDH-miR-200b/a/429 vector, 
resulting in pCDH-miR-200b/a/429/205. The sequences 
of PCR primers are: 5′-CCA GGT GGA TCC TCT CCC 
AAA TGT GTG ATT CC-3′; and 5′-CCA TCT GCG GCC 
GCT TTT TCC AAT CTG CCC ATC-3′. 168 bp of miR-
200b/a/429 promoter region that contains ETS-1 and ETS-
2 was amplified by PCR and cloned into Acc65I/XhoI site 
of pGL3-Basic vector (Promega). The sequences of PCR 
primers are: 5′-GTC ACT GGT ACC TCG AAA CTG 
TCC CAG AGA CG-3′; and 5′-CGT TCC CTC GAG 
CTG GGT GCT CTG CCT CAG-3′. The site-directed 
mutagenesis was performed by double PCR strategy. The 
PCR primers to mutate ETS-1 site are: 5′-CAG GTC TGA 
ACT GAC CCT GTG CCA GGG CCT-3′; and 5′-AGG 
CCC TGG CAC AGG GTC AGT TCA GAC CTG-3′. The 
PCR primers to mutate ETS-2 site are: 5′-GCC TGA GCG 
GGG GCA AAG CTC ACC CTT GCA-3′; and 5′-TGC 
AAG GGT GAG CTT TGC CCC CGC TCA GGC-3′. 

Quantitative real time PCR (qPCR)

miRNA levels were determined by SYBR RT-
qPCR. The first strand was synthesized using Mir-X™ 
miRNA First-Strand Synthesis Kit (Clontech, Palo Alto, 
CA, USA) according to the manufacturer’s instructions. 
The sequences of miRNA-specific qPCR primers are as 
follows:  5′-TAA TAC TGC CTG GTA ATG ATG A-3 
(miR-200b); 5′-TAA CAC TGT CTG GTA ACG ATG-
3′(miR200a); 5′-TAA TAC TGT CTG GTA AAA CCG 
T-3’ (hsa-miR-429); 5'-TAA TAC TGT CTG GTA ATG 
CCG T-3' (mmu-miR-429); 5′-TCC TTC ATT CCA CCG 
GAG T-3′ (miR-205). RNU48 was used as an internal 
control for comparing miRNA expression levels across 
different PCa cell lines. U6 snRNA served as an internal 
control for PC3 stable cell lines that express exogenous 
miRNAs. Reverse transcribed miRNAs were analyzed by 
real-time PCR using SensiFAST SYBR green (Bioline).

Western blot analysis and antibodies

Rabbit anti-ERG monoclonal antibody 
(EPR3864, Abcam Inc. Cambridge, MA) and mouse 
anti-GAPDH monoclonal antibody (sc-32233, Santa 
Cruz Biotechnology) were used for western blot 
analysis. Rabbit anti-ERG polyclonal antibody (sc-354, 
Santa Cruz Biotechnology) was used for Chromatin 
Immunoprecipitation (ChIP) assay. Western blot analysis 
was using standard procedures. 

ChIP assay

VCaP cells were cultured in DMEM high glucose 
media supplemented with 10% FBS and 1 nM R1881. The 

ChIP-IT Express kit (Active Motif) was used to perform 
the assay following the manufacturer’s protocol. Briefly, 
1.5 × 107 cells were cross-linked in fixation solution and 
lysed to release the nuclei. Chromatin released from the 
nuclei was sonicated. The supernatant containing the 
sheared chromatin was used in immunoprecipitation. 
5 µg of anti-ERG rabbit polyclonal antibody (sc-354, 
Santa Cruz Biotechnology) or control normal rabbit 
IgG (sc-2027, Santa Cruz Biotechnology) were added to 
chromatin and incubated overnight at 4°C. The immune 
complexes were collected using protein A-agarose beads, 
followed by extensive washing. The chromatin DNA-
protein-antibody complexes were eluted and DNA-
protein formaldehyde cross-links were reversed. The 
DNA fragments were purified by using a QIAquick PCR 
purification kit (QIAGEN) and analyzed by real-time 
PCR using SensiFAST SYBR green (Bioline). The PCR 
primers used for amplification of ERG binding region of 
miR-200b/a/429 promoter are: 5′-CCA CCT GTG CAG 
GTC TGA -3′and 5′-CTG CAA GGG TGA GCT TCC-3′. 

Cancer cell proliferation and invasion assay

Cell proliferation was measured by using MTS assay. 
Briefly, PC3 stable cells were seeded at a density of 4 × 
103 cells per well in flat-bottomed 96-well plates (day 0) 
and their growth was measured on days 3. Cell media were 
changed once on day 2. CellTiter 96 Aqueous One Solution 
Reagent (Promega) was added to each well. After 1 hr 
incubation, the cell viability was measured by determining 
the absorbance at 490 nM using the Multiskan FC 
microplate photometer (Thermo Scientific). The Matrigel 
invasion assay was performed using the BD Biocoat 
Matrigel Invasion Chamber (BD Biosciences) following 
the manufacturer’s instructions, and the pictures were taken 
using the EVOS XL Cell Imaging system (ThermoFisher).

Transgenic mice

The prostate-specific ERG overexpression 
transgenic mice (Pbsn-ERG) were purchased from Jackson 
Laboratories, strain name: STOCK Tg(Pbsn-ERG*)1Vv/J, 
and was previously reported [42]. The mice were housed in 
a temperature-controlled animal facility at Baylor College 
of Medicine with a 12-hr light, 12-hr dark photocycle and 
provided water and rodent chow meal ad libitum. 

Statistical analysis

Student’s t-test was used for statistical analyses. A 
p-value cutoff of 0.05 was used to determine significance. 
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